Process capability indices (PCIs) provide numerical measures on whether a process confirms to the defined capability prerequisite. They have been used to measure the ability of process to decide how well the process meets the specification limits (SLs). The PCIs have been successfully applied by companies for evaluating the quality and productivity performance. In this paper, one of the most important PCIs, process incapability index 
Introduction
Understanding the structure of a process and quantifying process performance no doubt are essential for successful quality improvement initiatives. Process capability analysis has become an important and well-defined tool in applications of statistical process control (SPC) to a continuous improvement of quality and productivity. The relationship between the actual process performance and the specification limits (or tolerance) may be quantified using suitable process capability indices. Process capability indices (PCIs), in particular p C , a C , pk C , pm C , and pmk C , which provide numerical measures of whether or not a manufacturing process is capable to meet a predetermined level of production tolerance, have received substantial attention in research activities as well as an increased usage in process assessments and purchasing decisions during last two decades. The first process capability index (1) where is the process standard deviation, USL and LSL are the upper and the lower specification limits (SLs), respectively. pk USL LSL C (2) The index pk C was developed because p C does not adequately deal with cases where process mean is not centered (the mean does not equal to the midpoint m). However, pk C by itself still cannot provide an adequate measure of process centering. That is, a large value of pk C does not provide information about the location of the mean in the tolerance interval USL LSL . The p C and pk C indices are appropriate measures of progress for quality improvement situations when reduction of variability is the guiding factor and process yield is the primary measure of a success. However, they are not related to the cost of failing to meet -known pioneer in the quality control, G. Taguchi, on the other hand, pays special attention on the loss in product's worth when one of product's value T (target value). To take this factor into account, the index pm C was introduced. The index is geared towards measuring the ability of a process to cluster around the target, and reflects the degrees of process targeting (centering). The index 
PCIs fitting for nominal-the-best type quality characteristics are effective tools to assess process capability since these indices can reflect a centering process capability and process yield adequately. The index pp C provides additional and individual information concerning the process accuracy and the process precision. It has been widely used to provide numerical measures on whether a production is capable of producing items within the SLs preset by the designer (Chen and Chen, 2008) .
In this paper, this index is analyzed under fuzziness. Zadeh (1965) 
Process Incapability Index
Greenwich and Jahr-Schaffrath (1995) defined the index pp C which provides an uncontaminated separation between information concerning process accuracy and process precision as follow:
where the inaccuracy index 
where * min ,
The index pp C can be widely used to summarize process performance since it simultaneously detects process inaccuracy and process imprecision by using both of the indices ia C and ip C . 
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Fuzzy Process Incapability Index
The fuzzy logic is a matter of the FST particularly used to dealing with imprecise information by using membership function and was formalized by Zadeh (1965) . In a classical set, an element belongs to, or does not belong to, a set whereas an element of a fuzzy set naturally belongs to the set with a membership value from the interval [0, 1]. The FST has been studied extensively over the past 30 years since it gives an advantage to define the parameters more flexible and to analyze the results with more sensitiveness. Although most of the early interest in the FST was representing of uncertainty in human cognitive processes, it is now applied to problems in engineering, business, health sciences, economic, and the natural sciences. Over the last years there have been successful applications of the FST in quality management and assurance. After the inception of fuzzy sets in statistical process control, some studies have been made to combine PCIs and the FST such as p C (Yongting, 1996 , , x z x z n n (9) where 2 z is defined as follows:
If values are taken into account as cuts , the fuzzy estimator of , , can be obtained by using Eq. (11): 2 2 , ,
Fuzzy Process Variance
Let x be a random variable which has a probability density function, 
Specification Limits and Target Value under Fuzziness
In this subsection, two main parameters of process capability analysis SLs and T, are considered as fuzzy numbers to obtain fuzzy estimations of the , ,
, ,
The left 
z t t t n u u t t u t t t l l t l C x z t t t n u u t t u t t t l l t l (24)
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A Real Case Application
In this paper, the proposed index pp C is used to determine the most appropriate supplier among alternatives for a construction firm in Turkey. A firm named Beton Construction will select a supplier. Construction which plans to buy some steel to mix with daub to build stronger constructions. Beton Construction and experts determine that the diameter of the steel should be approximately between 8-10 mm to obtain the best results. The firm has three possible alternative suppliers. For this aim the followings are obtained as shown in Table 2 . Table 3 . These values will be used to obtain the indices ia C , ip C and pp C . for Supplier-C is determined as 0.62 that indicates that quality condition of Supplierby using total integral value method.
Although the quality conditions for Suppliers A and C seem similar, the Supplier C is preferable since its index pp C indicates that its quality condition is closer to the co -A. The same evaluation procedure is managed by taking into account Supplier-B whose fuzzy values are shown in Table 4 . As a result, Supplier B is determined as the worst alternative. According to Table 4 , Supplier-C is determined as the best alternative to buy building materials and the order of supplier alternative is determined as follows: {C-A-B}.
In some cases, SLs or T can be defined by an X and Y more suitable to convert them to fuzzy numbers. In our supplier selection process they can be defined and are converted as follow: Table 5 . Table 5 The fuzzy indices for supplier alternatives According to Table 5 , Supplier-C is also determined as the best alternative to buy building materials since its index pp C indicates that its quality condition is closer to the condition
The supplier A is also determined as more suitable than Supplier B. As a result, the order of supplier alternative is determined as follows: {C-A-B}.
Conclusion
The capability analysis of a process that is a very effective tool to summarize process performance by producing statistical values called process capability indices is a necessity in order to improve process. The process capability analysis can be also defined as a measure of inherent variability in a process as compared to the requirements of the product which defined by using SLs. Although process capability analysis generally used in manufacturing process, in this paper they are suggested for a decision making process. In the literature, there are many successful techniques those have been proposed for decision making processes. In this paper a new decision making tool based on process incapability index has been suggested and is successfully applied. This new decision making tool evaluate decision making process quickly and easily.
In this paper, one of the most important process capability indices, the index pp C which is easy to apply, and provides more process information than other process PCIs is analyzed together with indices ia C and ip C .
The FST that has been studied extensively over the past 30 years can be used to overcome the main 
